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Background: Inflammatory pseudotumor is a relatively rare entity; originally identified in the
lung, it has been described in multiple extrapulmonary anatomic locations.
Case report: We report on the unusual case of an inflammatory pseudotumor associated with
Mycobacterium tuberculosis infection, which was initially mistaken for a renal malignancy both in
clinical and radiological settings. We additionally present three brief reviews concerning: (1)
infectious agents postulated to induce morphological changes of an inflammatory pseudotumor;
(2) mycobacterial pseudotumors; and (3) distinction from inflammatorymyofibroblastic tumors of
the renal pelvis.
Conclusions: The present case highlights the diagnostic importance of PCR-based detection of
mycobacterial DNA in granulomatous tissue responses. It is of crucial importance that clinicians
are aware of this unusual manifestation of mycobacterial infection to ensure that pertinent
laboratory evaluation is employed and appropriate treatment is administered in order to avoid
potential clinical implications.
# 2008 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights
reserved.* Corresponding author. Tel.: +30 231 0427575;
fax: +30 210 7462157.
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Inflammatory pseudotumor is a relatively rare mass-forming
lesion and a result of etiologically diverse processes; in parti-
cular, it encompasses a heterogeneous group of disordersPublished by Elsevier Ltd. All rights reserved.
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Figure 1 Computed tomographic scan of the abdomen reveal-
ing amass image in the right renal pelvis (arrow) and hypertrophy
of the left kidney.
Figure 3 Tumor area chiefly consisting of plasma cells (hema-
toxylin—eosin, 100).including infective or reactive/reparative processes that pre-
sent with a mass lesion and cases of low-grade mesenchymal
malignancy. The latter subgroup should be designated as
inflammatory myofibroblastic tumor (IMT) and distinguished
from the former, whenever possible, on histological
grounds.1,2 IMT is a clonal neoplasm (60% with 2p23 rearran-
gements of the anaplastic lymphoma kinase (ALK) gene and
consequent ALK protein overexpression) that has a 5—20% risk
of local recurrence (dependingupon the anatomic site, resect-
ability, and multinodularity) and <5% risk of metastasis.1
Case report
A 40-year-old man with no significant past medical history
presented with general fatigue, weakness, and marked
edema involving the lower extremities below the level of
the inguinal regions. A computed tomography (CT) scan of the
abdomen (Figure 1) revealed a mass image in the right renal
pelvis; magnetic resonance angiography (MRA) confirmed the
presence of the aforementioned space-occupying lesion and
additionally disclosed a tumor thrombus, being located in the
right renal vein and inferior vena cava. Further investigation
showed normal hematological and biochemical parameters.Figure 2 Spindle shaped cells intermingled with collagen
bundles (hematoxylin—eosin, 400).With a provisional diagnosis of renal malignancy, a right
nephrectomy was planned and subsequently performed.
Grossly, the tumor (9.2  6  4.5 cm) was unencapsulated
and principally related to the renal pelvis and adjacent soft
tissue (sinus fat), focally apposing the renal parenchyma. It
consisted of firm, white-tan tissue with no evidence of
hemorrhage or necrosis. Pathologic examination displayed
a spindle-shaped cell proliferation admixed with variable
amounts of dense collagen (Figure 2), a prominent vascular
network, and an inflammatory infiltrate, composed of lym-
phocytes, infrequently forming follicles, plasma cells
(Figure 3), eosinophils, and neutrophils. The spindle cells
were strongly positive for vimentin, focally positive for
smooth muscle actin (SMA), and negative for desmin and
ALK, while plasma cells were of polyclonal nature.
Of diagnostic importance was the fact that the tumor
showed sparse Langhans giant cells and epithelioid granu-
lomatous formations, exhibiting central caseous necrosis
(Figure 4) towards its periphery. The latter histologic fea-
tures raised the suspicion of an inflammatory pseudotumor
associated with Mycobacterium infection. As the available
specimen was already formalin-fixed, it could not be
further analyzed microbiologically. Therefore, we appliedFigure 4 Epithelioid granulomatous formation, exhibiting cen-
tral caseous necrosis and prominent giant cells (hematoxylin—
eosin, 100).
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Figure 5 PCR detection of Mycobacterium tuberculosis com-
plex (lane 1: molecular size markers (100-bp DNA ladder from
New England BioLabs); lanes 2 and 3: DNA from patient sample;
lane 4: positive control; lane 5: negative control without DNA).Ziehl—Neelsen staining and PCR; the former failed to detect
any infectious agent (probably due to the low bacterial load
within the sample and/or to alterations concerning the cell
wall of dormant bacilli),3 whereas the latter successfully
identified the Mycobacterium tuberculosis complex
(IS6110) (Figure 5), highlighting the importance of PCR-
based detection of mycobacterial DNA in granulomatous
tissue responses.
In fact, PCR has long been considered a very useful tool for
the detection and identification of mycobacteria.4 DNA
extraction from the formalin-fixed, paraffin-embedded sam-
ple was performed using the NucleoSpin tissue kit (Macherey-
Nagel). The primers used for the specific detection of M.
tuberculosis complex insertion element IS6110 were the
IS6110F: 50-CGTGAGGGCATCGAGGTGGC-30 and the IS6110R:
50-GCGTAGGCGTCGGTGACAAA-30, which gave a PCR product
of 245 bp.5 We used sterile water as a negative control in the
PCR in order to ensure that the reagents used were not
contaminated, and an adequate number of certified negative
control samples were processed in parallel with clinical
specimens in order to ensure that no contamination was
occurring prior to amplification. Extracted genomic DNA
was amplified in a final volume of 50 ml containing 20 mM
Tris-Cl (pH 8.3), 50 mM KCl, 0.2 mM (each) deoxynucleoside
triphosphate, 2 mM MgCl2, 10 pmol of each primer, and 0.2 U
of Taq DNA polymerase (Promega). The thermocycling profile
consisted of 35 cycles, with 1 cycle for 1 min at 95 8C, 1 min
at 68 8C, and 1 min at 72 8C, followed by a final extension step
of 5 min at 72 8C. The PCR products were analyzed on 2%
agarose.
After an established diagnosis of inflammatory pseudotu-
mor associated with M. tuberculosis infection, anti-tubercu-
lous drug therapy (dianicotyl (isoniazid) 300 mg daily;
dexambutol (ethambutol) 1500 mg daily; besix (vitamin
B6) 125 mg daily) was administered for six months, in com-
bination with tavanic (levofloxacin, 500 mg twice daily for 2
weeks), in order to enhance the post-operative therapeutic
results. As this unusual manifestation of mycobacterial infec-
tion typically affects immunosuppressed as well as HIV posi-
tive patients, we employed pertinent laboratory evaluation
for HIV (ELISA, also referred to as an enzyme immunoassay
(EIA)), which subsequently displayed negative results. Fol-
low-up for 2 years revealed neither clinical manifestations of
tuberculosis nor any mycobacterial pseudotumor displayed
by imaging studies.Discussion
Infectious agents, postulated to induce morphological
changes of an inflammatory pseudotumor, include human
herpes virus-8 (HHV8), Epstein—Barr virus (EBV), Corynebac-
terium equi, Campylobacter jejuni, Bacillus sphaericus,
Coxiella burnetii, Escherichia coli, Eikenella corrodens, Acti-
nomyces, Histoplasma, Mycobacterium avium-intracellu-
lare, Mycobacterium gordonae, Mycobacterium kansasii,
and M. tuberculosis.6—11
In fact, mycobacterial pseudotumors are uncommon pre-
sentations of M. tuberculosis or nontuberculous mycobacter-
ial infection, particularly affecting immunosuppressed
patients with or without AIDS; 26 cases have been described
in the literature,9—11 with lymph nodes being the main site of
involvement. The current report is the second11 in the lit-
erature to describe an inflammatory pseudotumor caused by
M. tuberculosis, and to the best of our knowledge, the first
case with renal localization. Of particular interest, our
patient was neither immunosuppressed nor displaying immu-
nodeficiency due to AIDS; thus, this unique histologic
response to M. tuberculosis might be partly attributed to
individual (genetic) immunological makeup.11
Infection-associated inflammatory pseudotumor should be
distinguished from IMT, whose neoplastic nature is mainly
attributed to (1) the occurrence of rare cases with aggressive
clinical course, local recurrence, malignant transformation
or true metastasis12,13 and (2) the demonstration of a non-
random chromosomal translocation involving 2p23 that
results in the expression of ALK in more than one half of
the IMTs (up to 60%).13,14 In particular, IMTof the renal pelvis
was first described by Davides et al.15 in 1972. Since then, 12
cases have been reported in the literature.16—20 Of note, IMTs
of the renal pelvis were ALK-negative,16,18 suggesting the
possibility of an alternative activation mechanism, involve-
ment of a region of the ALK-1 gene other than 2p23, or a
different disease process which may be reactive in nature.16
Inflammatory processes can occasionally be distinguished
from IMTs on morphological grounds; a cellular proliferation
of myofibroblastic spindle cells accompanied by an inflam-
matory infiltrate of plasma cells, lymphocytes, and eosino-
phils is in favor of the latter, whereas a less cellular
proliferation of spindle-shaped histiocytes and/or dendritic
cells and a more heterogeneous inflammatory component
are strongly suggestive of the former.1,21 However, histo-
morphology alone is not always of value in the aforemen-
tioned differential diagnosis, as the spindled lesional and
inflammatory cells of IMT form three basic histologic pat-
terns in varying proportions: (1) the ‘myxoid-vascular’ pat-
tern, characterized by loosely arranged, stellate-to-plump
spindle cells admixed with an irregular network of small
blood vessels and inflammatory cells in an edematous, myx-
oid background, (2) the ‘compact spindle cell’ pattern,
which consists of a compact interlacing fascicular or stori-
form spindle cell proliferation with variable myxoid and
collagenized regions, accompanied by an inflammatory infil-
trate composed largely of plasma cells and lymphocytes,
often forming follicles, and (3) the ‘hypocellular-fibrous’
pattern, characterized by dense ‘keloid-like’ fibrosis, lower
cellularity and relatively sparse inflammation with lympho-
cytes and plasma cells trapped in a dense eosinophilic
matrix.1
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Inflammatory pseudotumor is a relatively rare entity and the
result of etiologically diverse processes, being either the
histological expression of an infective or reactive/reparative
process or a low-grademesenchymal malignancy. The current
report presents an extremely rare case of a renal inflamma-
tory pseudotumor associated with M. tuberculosis infection
and highlights the importance of PCR-based detection of
mycobacterial DNA in granulomatous tissue responses. It is
of pivotal importance that clinicians are aware of this unu-
sual manifestation of mycobacterial infection, which typi-
cally affects immunosuppressed as well as HIV-positive
patients, to ensure that pertinent laboratory evaluation
for HIV is employed and appropriate treatment is adminis-
tered. Interestingly, our patient was neither immunosup-
pressed nor HIV-positive; therefore, this unique histologic
response to M. tuberculosis might be partly attributed to
individual (genetic) immunological makeup.
Conflict of interest: No conflict of interest to declare.
References
1. Fletcher CD, Unni KK, Mertens F. World health organization
classification of tumors. Pathology and genetics of tumors of
soft tissue and bone. Lyon: IARC Press; 2002.
2. Dehner L. Inflammatory myofibroblastic tumor: the continued
definition of one type of so-called inflammatory pseudotumor.
Am J Surg Pathol 2004;28:1652—4.
3. Neyrolles O, Hernandez-Pando R, Pietri-Rouxel F, Fornes P, Tail-
leux L, Payan JA, et al. Is adipose tissue a place for Mycobacter-
ium tuberculosis persistence? PLoS ONE 2006;1:e43.
4. Hance AJ, Grandchamp B, Le´vy-Fre´bault V, Lecossier D, Rauzier
J, Bocart D, et al. Detection and identification of mycobacteria
by amplification of mycobacterial DNA. Mol Microbiol 1989;3:
843—9.
5. Gazouli M, Ikonomopoulos J, Trigidou R, Foteinou M, Kittas C,
Gorgoulis V. Assessment of mycobacterial, propionibacterial,
and human herpesvirus 8 DNA in tissues of Greek patients with
sarcoidosis. J Clin Microbiol 2002;40:3060—3.
6. Milne AN, Sweeney KJ, O’Riordain DS, Pauwels P, Debiec-Rychter
M, Offerhaus GJ, et al. Inflammatory myofibroblastic tumor with
ALK/TPM3 fusion presenting as ileocolic intussusception: an
unusual presentation of an unusual neoplasm. Hum Pathol
2006;37:112—6.7. Farris III AB, Kradin RL. Follicular localization of dendritic cells in
a xanthomatous inflammatory tumor of lung associated with
human herpes virus-8 infection. Virchows Arch 2006;449:726—9.
8. Lee SH, Fang YC, Luo JP, Kuo HI, Chen HC. Inflammatory pseu-
dotumor associated with chronic persistent Eikenella corrodens
infection: a case report and brief review. J Clin Pathol
2003;56:868—70.
9. Basilio-de-Oliveira C, Eyer-Silva WA, Valle HA, Rodrigues AL,
Pinheiro Pimentel AL, Morais-De-Sa CA. Mycobacterial spindle
cell pseudotumor of the appendix vermiformis in a patient with
AIDS. Braz J Infect Dis 2001;5:98—100.
10. Yin HL, Zhou XJ, Wu JP, Meng K, Sun YM. Mycobacterial spindle
cell pseudotumor of lymph nodes after receiving Bacille Calm-
ette-Guerin (BCG) vaccination. Chin Med J (Engl) 2004;117:
308—10.
11. SekosanM, Cleto M, Senseng C, Farolan M, Sekosan J. Spindle cell
pseudotumors in the lungs due to Mycobacterium tuberculosis in
a transplant patient. Am J Surg Pathol 1994;18:1065—8.
12. Leroy X, Copin MC, Graziana JP, Wacrenier A, Gosselin B. Inflam-
matory pseudotumor of the renal pelvis. A report of 2 cases with
clinicopathologic and immunohistochemical study. Arch Pathol
Lab Med 2000;124:1209—12.
13. Solomon GJ, Kinkhabwala MM, Akhtar M. Inflammatory myofi-
broblastic tumor of the liver. Arch Pathol Lab Med 2006;130:
1548—51.
14. Rosai J. Urinary tract. In: Houston M, editor. Rosai and Acker-
man’s surgical pathology. 9th ed. St. Louis: Mosby; 2004. p.
1163—316.
15. Davides KC, Johnson 3rd SH,Marshall Jr M,Price Jr SE, Stavrides A.
Plasmacell granulomaof therenalpelvis. JUrol1972;107: 938—9.
16. Kapusta LR, Weiss MA, Ramsay J, Lopez-Beltran A, Srigley JR.
Inflammatory myofibroblastic tumors of the kidney: a clinico-
pathologic and immunohistochemical study of 12 cases. Am J
Surg Pathol 2003;27:658—66.
17. Itoh H, Namiki M, Yoshioka T, Itatani H. Plasma cell granuloma of
the renal pelvis. J Urol 1982;127:1177—8.
18. Yoshida S, Watanabe T, Yoshinaga A, Ohno R, Ishii N, Terao T,
et al. Inflammatory myofibroblastic tumor of the renal pelvis.
Hinyokika Kiyo 2006;52:31—3.
19. Sugimoto K, Hayashi T, Imanishi M, Kadowaki T, Kurita T. A case of
inflammatory pseudotumor of renal pelvis showing a complete
response to antibiotics. Hinyokika Kiyo 2004;50:629—31.
20. Redondo E, Rey Lopez A, Rapariz Gonzalez M, Diaz-Cascajo C.
Plasma-cell granuloma of the kidney pelvis. Arch Esp Urol
2002;55:85—7.
21. Dehner LP. The enigmatic inflammatory pseudotumors: the cur-
rent state of our understanding, or misunderstanding. J Pathol
2000;192:277—9.
